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Abstract 
It takes a long time from start to reach a comfortable indoor temperature when spit air conditioner is heating, the vertical 
stratification and thermal comfort is bad after the thermal stability. In the light of the above phenomenon. This paper comparative 
analyzed the indoor temperature distribution and human comfort conditions by experiment in three supply air condition of normal 
operating, with single supply air temperature and the supply air combination project. The results indicate that the higher the 
supply air temperature, the faster the indoor average temperature raise, but the indoor thermal stratification was serious, lower air 
temperatures within a certain range will help improve the temperature of low plane and improve indoor thermal comfort, but the 
indoor average temperature rises slowly,. However, the combination scheme not only improves the average indoor temperature as 
soon as possible, but also effectively alleviate the indoor thermal stratification, people feel more comfortable. The effect of 
different combination schemes are different, among them, the air supply scheme of supplying the high temperature first and 
then supplying the low temperature is best in effect of improve indoor thermal stratification and distribution of indoor air. 
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1. Introduction 
There is no central heating in most south of Yangtze River in winter, and more and more residents use split air 
conditioner for winter heating due to it is easy to install and operate. However, it always that the detect indoor 
temperature had reached the set temperature, the body still feels hot head and cold feet when spit air conditioner on 
heating, indoor temperature field is uneven and vertical temperature gradient is high [1, 2].There are some problem 
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need to solve that how to improve thermal stratification to achieve better comfort, and increase the average indoor 
temperature to the set indoor temperature as soon as possible. 
At present, most research is aimed at the impact of supply air conditioning methods to indoor thermal 
environment and airflow organization at home and board. Liang Chen, et al. [3] made experimental study the 
influence of split air conditioner on the indoor temperature field in different supply air angle and speed, concluded 
that it could produce different indoor airflow forms and thermal comfort in different supply air speed and angle, the 
appropriate supply air angle and speed could improve indoor thermal stratification. Zhikai Huang, et al [4] simulated 
the distribution of indoor temperature and flow field by k-ε, k-ω equation when wall conditioners were heating and 
cooling, they pointed out that indoor temperature field distribution was uneven and prone to hot air reflux, air 
conditioning energy consumption was high when air conditioner was heating, and finally effectively improved the 
airflow distribution by changing conditioner outlet supply air parameters (speed, angle). M. Bojic, et al [5] simulated 
the impact of Indoor air distribution and human thermal comfort by different installation forms and installation 
location of air conditioning in Hong Kong residential, found the best mounting location to the indoor environment.  
Juan Abanto, et al [6] simulated a computer room of using air diffuser, concluded that boundary conditions 
simulated settings and geometry of diffuser had great impact on indoor air distribution and human thermal comfort. 
At present, there was less domestic research about how to optimize supply air parameters of air condenser to 
shorten the running time and reduce heat stratification were seldom, and the research methods mainly were computer 
simulation technology, lack of experimental research about supply air temperature, therefor it has important 
significance to study the influence of indoor temperature field at different parameters by using split air conditioner 
on optimizing control air program, improving indoor human comfort, air conditioner efficiency, further improve the 
human living environment and energy saving. 
2. Methods   
This paper experimented the indoor temperature distribution and thermal comfort under the conditions of single 
supply air temperature and compared with the normal operating. According to the result of experimental research the 
supply air temperature combination on improving indoor thermal stratification and human comfort. 
2.1. Experiment table subject 
 
Fig. 1. Laboratory 
Fig. 2. Schematic diagram of the room. 
Experiments were tested in a room of Tianjin University of Commerce, the size of room is 
5.10m×2.94m×3.13m.The split wall air conditioner was installed in the western wall(interior wall). The following 
figure is schematic diagram of the laboratory and the actual room diagram. In the schematic diagram, the 
longitudinal direction is x-axis, the width direction is y-axis, the height direction is z-axis [7]. 
1691 Wufeng Jin et al. /  Procedia Engineering  121 ( 2015 )  1689 – 1696 
2.2. Arrangement of measuring points 
Measuring points were arranged in the outdoor unit side to measure temperature. Because indoor temperature 
senser of split wall air conditioner was hidden in the return outlet of indoor unit, there were two points arranged in 
the indoor unit return outlet to test indoor temperature and three points arranged in the supply air outlet to measure 
the supply air temperature. 
This experiment arranged 72 measuring points in room and distributed on six horizontal planes, for testing indoor 
temperature distribution more precise and comprehensive, details showed in below figure. 
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Fig. 3. Horizontal measuring point. 
Fig. 4. Vertical measuring point of 1-1 elevation. 
2.3. Experimental content 
This paper comparative analyzed the indoor temperature distribution and human comfort conditions by 
experiment in condition of single supply air temperature and normal operating, according to the experiment result to 
make further study for the supply air temperature combination. The conditions were in Table 1. 
According to the text, the average outlet temperature approximately between 30 ć to 45 ć when conditioner is 
heating. The supply air temperature had been repeatedly debugging and testing during experiment, and final select 
the stability temperature of 33 ć, 36 ć, 39 ć as the single supply air temperature conditions [8, 9]. 
The experiment indoor initial temperature were controlled at nearly 11 ć and outdoor temperature were almost 
same, it was 0 ć, but the conditions of supply air temperature of 39ć and supply air temperature combination were 
higher than other conditions because the conditions conducted in the latter part of the experiment. Spit air 
conditioner windshield angle was 60 °and supply air speed was 3.5m / s. 
                              Table 1. The conditions of Experimental. 
conditions  content 
condition 1 normal operating 60min 
condition 2 supply air temperature was 33ć, operating 60min 
condition 3 supply air temperature was 36ć, operating 60min 
condition 4 supply air temperature was 39ć, operating 60min 
condition 5 normal operating 10min,then supply air temperature was 33ć, operating 50min 
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3. Results and discussion 
3.1. Normal operating 
Figure 5 shows the change of the temperature of the outdoor, supply air and return air with time under normal 
heating condition. Figure 6 shows the comparing graph of typical height plane average indoor temperature. The 
average temperature of 12 measuring points is taken as the average temperature of the plane, and analyze the plane 
of 1.8m,1.2m,0.2m.The experiment is recorded every 1min and recorded the change of temperature within 60min. 
 








      
ᰦ䰤PLQ
⑙
ᓖ

ć
 
Fig. 5. Supply-return air and outdoor temperature changes. 
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Fig. 6. Typical height plane average temperature contrast. 
Figure 5 shows that the temperature of the supply air is fluctuated between 35 ćand 40ć, the initial temperature 
of indoor at 11ćand the temperature of outdoor at 0ćin normal operating. It can be seen from figure 6 and table 2 
that the average temperature of 1.8m and 1.2m is higher and the plane rises faster, the average temperature of 0.2m 
rise slowly. The maximum difference of the temperature between 1.8m and 0.2m is 9.6ć and the thermal 
stratification is serious. 
   Table 2. The temperature rise rate and vertical temperature difference. 
conditions The time to reach the set temperature/min 
maximum temperature difference/ć rate(ć/min) 
˄1.2-0.2˅m (1.8-0.2)m 0.2m 1.2m 1.8m 
Normal operating 6 7.2 9.6 0.11 0.21 0.23 
 
The reason for the above situation is that air conditioner installed in place of 2.4m distance from ground, thermals 
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easily attached to the upper part of the room. Therefore, the average temperature of upper plane is high and rise fast. 
The indoor air temperature sensor is also in the outlet, the area of human activity is generally less than 2m, it can 
lead to the problem that temperature sensor have reached the set temperature, but human activity area have not 
reached. 
3.2. Single supply air temperature 
Figure 7shows the temperature of indoor return air curve of three conditions, table 3 shows the time to reach the 
set temperature of the indoor and temperature rise rate. It can be seen from figure 7 and table 3 that the higher the air 
temperature, the faster the room temperature rise when initial indoor temperature are same. Maximum temperature 
of indoor only reached 22 ć with supply air temperature of 33ć, the supply air temperature of 39ćcan reach about 
25 ćand the rate is fast. 
Figure 8, 9, 10 shows the change of the average temperature of three typical height plane of 1.8m, 1.2m and 0.2m, 
It can be seen from figure 8, 9, 10 and table 3 that the temperature rise rate of 36ć is higher than 39ć in plane of 
0.2m and 1.2m, the temperature rise rate of 33ć is relatively low within the first 30min, but higher than 36ć and 
39ć after 30min.In plane of 1.8m, the higher the supply air temperature, the faster the plane average temperature 
rise, the higher the plane average temperature. 
Table 4 shows the plane vertical temperature of single supply air temperature conditions and indicated that indoor 
vertical temperature difference was small within supply air temperature of 33ć, the minimum temperature 
difference between 1.2m and 0.2m plane is 2.4 ć and no more than ISO7730 standard. The indoor thermal 
stratification was serious when supply air temperature are 36ćand 39ć, the maximum temperature difference 
between 1.8m and 0.2m is 9.7ć. 
According to the above results, lower air temperatures is conducive improve the average temperature of lower 
plane with single supply air temperature in certain time and temperature, vertical temperature difference is low 
between upper and lower plane, but the indoor temperaturerise slowly; higher air temperatures is conducive improve 
the average temperature of higher plane and the indoor temperature rose rapidly, but the average temperatures of 
lower plane is low, indoor thermal stratification was serious. 
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Fig. 7. Return air temperature changes. 
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Fig. 8. The average plane temperature of 0.2m. 
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Fig. 9. The average plane temperature of 1.2m. 
6
8
10
12
14
16
18
20
22
24
26
28
0 10 20 30 40 50 60
times/min
T
/ć
33ć 36ć 39ć
 
Fig. 10. The average plane temperature of 1.8m. 
           Table 3. The value table of rise rate and the time to set temperature. 
Cases 33ć 36ć 39ć first high to low  
0.2m rate (ć/min) 
first 10 min 0.30 0.35 0.27 0.28 
first 30min 0.19 0.24 0.18 0.19 
last 30min 0.07 0.05 0.04 0.04 
60min 0.11 0.12 0.09 0.12 
1.2m rate (ć/min) 
first 10 min 0.39 0.62 0.73 0.91 
first 30min 0.25 0.38 0.36 0.34 
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last 30min 0.16 0.04 0.05 0.03 
60min 0.20 0.21 0.20 0.18 
1.8m rate (ć/min) 
first 10 min 0.83 1.01 1.13 1.14 
first 30min 0.37 0.42 0.44 0.36 
last 30min 0.07 0.03 0.03 0.03 
60min 0.22 0.23 0.23 0.19 
time to set temperature (min) 50 17 7 10 
                                       Table 4. Vertical temperature difference. 
time 
conditions 
30min 60min 
˄1.2-0.2˅m (1.8-0.2)m ˄1.2-0.2˅ (1.8-0.2)m 
33ć 2.4ć 7.6 5.9ć 7.7 
36ć 6.0ć 8.0 5.6ć 7.5 
39ć 6.6ć 9.5 6.9ć 9.3 
3.3.  Supply air temperature combination 
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Fig. 11. Supply air-return air and indoor air temperature curve. 
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Fig. 12. Average temperature contrast of typical height plane. 
The above analysis shows that it can not be taken into account both the thermal stratification and time to reach the 
temperature of the interior design. Therefore, this paper makes a further research on supply air temperature 
combination and select the project of first high to low (conditioner is normal operating on first 10min then change 
the supply air temperature to maintain at 33 ć) according to the experiment of Lin Li [9]. 
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Figure 11 shows the temperature of the supply air, return air and indoor air with the condition of supply air 
temperature combination. Figure 12 shows the contrast of the average temperature of the typical height plane of 
1.8m, 1.2m and 0.2m, It can be seen from figure 11, 12 and Table 3 that the indoor temperaturerise faster in the 
beginning, but the difference of the vertical temperature is high, then average temperature of higher plane decreases 
and the temperature rise rate of lower plane increases, the difference of the vertical temperature is smaller than the 
temperature of the other conditions of single supply air. 
In summary, the temperature combination of supply air can make up the lack that higher plane temperature is too 
low under the condition of low temperature of supply air, and improve temperature distribution inequality of the 
higher temperature of the supply air, the lower the low plane average temperature and the higher the high plane 
average temperature, alleviated the thermal stratification effectively and improve indoor thermal comfort. 
4. Conclusions 
This paper comparative analyzed the indoor temperature distribution and human comfort conditions by 
experiment in three supply air condition of normal operating, with a single supply air temperature and the supply air 
combination project, the conclusion were as follows: 
1) The indoor temperature field distribution was uneven, thermal stratification was serious and human comfort 
was bad when split air conditioner was heating.  
2) Lower air temperatures was conducive improve the average temperature of lower plane with single supply air 
temperature in certain time and temperature, vertical temperature difference was small between upper and lower 
plane, but the indoor temperature rose slowly; higher air temperatures was conducive improve the average 
temperature of higher plane and the indoor temperature rose rapidly, but the average temperatures of lower plane 
was low, indoor thermal stratification was serious. 
3) The air supply scheme of supplying the high temperature first and then supplying the low temperature can 
effectively alleviate the indoor thermal stratification and improve indoor thermal comfort. 
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